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VXERSWLPDO HYHQ WKRXJK JULSSHUV DUH ZLGHO\ XVHG IRU DXWRPDWHG PDQXIDFWXULQJ DVVHPEO\ DQG SDFNLQJ ,Q DQ\
DSSOLFDWLRQWKHJULSSHUKDVWRJUDVSWKHSDUWVHFXUHO\DQGORQJOLIHIRUWKHJULSSHULVDOZD\VGHVLUDEOH
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MDZLQ)LJLVXVXDOO\UHIHUUHGDVJULSSHUSDG(YHQWKRXJKWKHWZRMDZVWRJHWKHUFRQVWLWXWHWKHJULSSHUWKH
KLQJHGMDZLQ)LJLVRIWHQUHIHUUHGDVJULSSHULQWKHSDUODQFHRIRIIVHWSULQWLQJPDFKLQHU\7KHHGJHRISDSHU
RU DQ\ RWKHU VXEVWUDWH WR EH SULQWHG LV KHOG EHWZHHQ WKH WZR MDZV VR WKDW WKH SDSHU HQYHORSHV WKH LPSUHVVLRQ
F\OLQGHUGXULQJWKHSULQWLQJSURFHVV
)LJ&\OLQGHUDQGJULSSHUDUUDQJHPHQWLQDW\SLFDO6KHHW)HG2IIVHW0DFKLQH )LJ*ULSSHUIRUD6KHHW)HG2IIVHW0DFKLQH
,QDPXOWLFRORUVKHHWIHGRIIVHWSUHVVWKHSDSHULVKHOGEHWZHHQWKHMDZVGXULQJWUDQVIHURIWKHSDSHUIURP
RQH SULQWLQJ XQLW WR DQRWKHU DV ZHOO DV GXULQJ WKH DFWXDO SULQWLQJ SURFHVV &RORU RIIVHW SULQWLQJ LV DFKLHYHG E\
SULQWLQJRILQGLYLGXDOFRORUVHSDUDWLRQVRQHE\RQHRQHRYHUWKHRWKHU7KHVKDUSQHVVDQGFOHDQQHVVRIDIRXUFRORU
SULQWLVJUHDWO\DIIHFWHGE\WKHDFFXUDF\RIWKHFRORUUHJLVWHU,QJHQHUDOUHJLVWHUUHIHUVWRWKHDFFXUDWHSRVLWLRQLQJRI
WKH VKHHWV RQ WKH JULSSHU IRU DOO UHSHDWHG JULSV DQG WKH UHWHQWLRQ RI WKLV SRVLWLRQ GXULQJ WKH SURFHVVHV WKH VKHHW
XQGHUJRHVZKLOHLWLVEHLQJJULSSHG,QWKHFDVHRIFRORURIIVHWSULQWLQJUHJLVWHUUHIHUVWRWKHDFFXUDWHSRVLWLRQLQJRI
WKHSULQWHGLPDJHRIHDFKFRORUVHSDUDWLRQRQWKHVXEVWUDWHLQUHODWLRQWRWKHVKHHWHGJHV7KHVKHHWWUDQVSRUWIURP
SULQWLQJXQLWWRSULQWLQJXQLWKDVWREHH[WUHPHO\DFFXUDWHDQGLQUHJLVWHUDQGWKHSULQWLPDJHVRIWKHLQGLYLGXDOFRORU
VHSDUDWLRQVPXVWEHDFFXUDWHO\DOLJQHG$QDFFXUDF\RIPLFURQVWRRQHDQRWKHULV UHTXLUHGIRUKLJKTXDOLW\SULQW
MREV >@ +HQFH WKH JULSSLQJ VKRXOG EH VXFK WKDW WKH SDSHU XQGHUJRHV PLQLPXP XQLQWHQGHG SRVLWLRQDO YDULDWLRQ
GXULQJWKHJULSSLQJWUDQVIHUDQGSULQWLQJ
,QPDQ\DSSOLFDWLRQVOLNHWKDWLQDQRIIVHWSULQWLQJPDFKLQHRQHRI WKHMDZVRIDWZRMDZVKHHWJULSSHULV
VHUUDWHG7KHVHUUDWLRQVDUHPDGHE\PDNLQJJURRYHVRQWKHJULSSLQJVXUIDFH7KHJURRYHVDUHPDGHRQWKHJULSSLQJ
VXUIDFHLQSHUSHQGLFXODUGLUHFWLRQV$SKRWRJUDSKRIVHUUDWHGVXUIDFHLVVKRZQLQ)LJ
)LJ6HUUDWLRQVRQWKHJULSSLQJVXUIDFHRIDVKHHWJULSSHU
7KH VHUUDWLRQV SURYLGH D NLQG RI ORFNLQJ HIIHFW RQ WKH REMHFWV OLNH SDSHU EHLQJ JULSSHG LQ DGGLWLRQ WR WKH
IULFWLRQDOJULSSLQJ IRUFHDQGSUHYHQWV VOLSSDJH8VXDOO\ LQ VKHHWIHGSUHVVHVRQHRI WKH MDZV ZLOO KDYHD VHUUDWHG
VXUIDFHDQGWKHRWKHUMDZDIODWVXUIDFH7KHFRQILJXUDWLRQLVW\SLFDOO\ZLWKDVHUUDWHGJULSSHUDQGDIODWJULSSHUSDG
,WFDQDOVREHYLFHYHUVD
/LWHUDWXUH RQ WKH GHVLJQ RI VHUUDWLRQV RQ D SULQWLQJ JULSSHU LV VFDUFH+RZHYHU VLPLODU FRQWDFW SUREOHPV KDYH
EHHQUHVHDUFKHGH[WHQVLYHO\LQWKHFRQWH[WRIDQDO\VLVRIEDOODQGUROOHUEHDULQJVLQ>@RQWKHFKDQJHVLQHOHFWULF
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UHVLVWDQFHGXHWRYDULDWLRQLQORDGLQJDQGFRQWDFWJHRPHWULHVLQ>@DQGRQUDLOZKHHOFRQWDFWLQ>@$ UHYLHZ
RI URERWLF JUDVSLQJ DQG FRQWDFW LV JLYHQ LQ >@ ,Q >@ )2]WXUN KDV VKRZQ WKDW XVXDOO\ LQ D WZRGLVF VKULQN ILW
DVVHPEO\ WKH ILQLWH HOHPHQW UHVXOWV DUH YHU\ VLPLODU WR WKH DQDO\WLFDO UHVXOWV ,Q >@: <DQ DQG ) ' )LVFKHU
FRQFOXGHVWKDWKHUW]LDQFRQWDFWWKHRU\FDQEHDSSOLHGLQUDLOZKHHOFRQWDFWSUREOHPVZLWKUHDVRQDEOHDFFXUDF\LIWKH
PDWHULDO LV DVVXPHG DV OLQHDU HODVWLF DQG WKH VXUIDFH FXUYDWXUH RI WKH UDLO UHPDLQV XQFKDQJHG ,Q >@ 3 6DLQVRW
GHVFULEHVDQDQDO\WLFDOPRGHOWRHYDOXDWHWKHQHDUVXUIDFHVWUHVVHVEHORZDZDY\VXUIDFH6WXG\RQWKHDQDO\VLVRIWKH
SULQWLQJ JULSSHU GHIRUPDWLRQ DQG WKH GHSHQGHQFH RI FHUWDLQ VWUXFWXUDO GHVLJQ SDUDPHWHUV RQ WKH GHIRUPDWLRQ RI
JULSSHUVGXULQJSULQWLQJLVJLYHQLQ>@
7KHJULSSHUMDZVDUHVXEMHFWHGWRKLJKFRQWDFWVWUHVVHVDQGWKHVHUUDWHGVXUIDFHSDUWLFXODUO\LVPRUHVXVFHSWLEOHWR
GHIRUPDWLRQ DQG ZHDU +HQFH WKH GHVLJQ RI WKH VHUUDWLRQV LV RI VLJQLILFDQFH &DUH VKRXOG EH WDNHQ WR GHVLJQ WKH
JURRYHVRQWKHJULSSHUWRHQVXUHJRRGUHJLVWHUDQGORQJ OLIH,QWKLVSDSHUZHKDYHGHYHORSHGDJHQHUDOIUDPHZRUN
IRURSWLPDOGHVLJQRIVHUUDWLRQVRQDSULQWLQJJULSSHU
,Q WKLV VWXG\ WKH FRQWDFW VWUHVV RQ WKH VHUUDWLRQV RQ WKH MDZ GXULQJ JULSSLQJ LV DQDO\]HG 7KH FRUUHVSRQGLQJ
GHIRUPDWLRQV DUH DOVR GHWHUPLQHG 7KHVH UHVXOWV DUH XVHG WR GHYHORS WKH IUDPHZRUN IRU RSWLPXP GHVLJQ RI WKH
VHUUDWLRQV
1RPHQFODWXUH
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$QHQODUJHGVHFWLRQDOYLHZRIVHUUDWLRQVLVVKRZQLQ)LJ7KHILUVWVNHWFKVKRZVWKHDFWXDOFURVVVHFWLRQRIWKH
VHUUDWLRQV,QWKHVHFRQGVNHWFKWKHSURMHFWLRQVDUHDSSUR[LPDWHGWRKHPLVSKHUHVRIGLDPHWHUµ'¶IRUWKHSXUSRVHRI
DQDO\VLV7KHFHQWUHWRFHQWUHGLVWDQFHEHWZHHQHDFKJURRYHRUSURMHFWLRQRQWKHVHUUDWHGVXUIDFHLVUHIHUUHGWRDV
SLWFKµ3¶7KHJURRYHZLGWKRUWKHJDSEHWZHHQSURMHFWLRQVLVUHIHUUHGWRDVµ*¶7KHSODQHFRQWDLQLQJWKHWLSRIDOO
WKHSURMHFWLRQVLVWDNHQDVWKH;<SODQH DQGWKHGLUHFWLRQIURPWKLVSODQHWRZDUGVWKHFHQWUHRIWKHKHPLVSKHUHLV
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WDNHQDVWKHSRVLWLYHGLUHFWLRQRI=D[LV7KH;<SODQHFRLQFLGHVZLWKWKHVXUIDFHRIWKHIODWMDZZKHQWKHJULSSHU
LVFORVHG7KHOLQHSHUSHQGLFXODUWRWKH;<SODQHSDVVLQJWKURXJKWKHFHQWUHRIDSURMHFWLRQLVUHIHUUHGWRDVWKH
µD[LVRIWKHSURMHFWLRQ¶7KHGLVWDQFHRIDQ\SRLQWRQWKHD[LVRIWKHSURMHFWLRQIURPWKHWLSRISURMHFWLRQLVUHIHUUHG
WRDVGLVWDQFHµ+¶7KHSODQHSDUDOOHOWR;<SODQHSDVVLQJWKURXJKWKHEDVHRI WKHJURRYHVDVVKRZQLQ)LJLV
FDOOHGµEDVHSODQH¶7KHOLQHSDVVLQJWKURXJKWKHFHQWUHRIDKHPLVSKHUHDORQJWKH=D[LVLVUHIHUUHGWRDVWKHµD[LVRI
SURMHFWLRQ¶
 *UDVSLQJ)RUFHV
$FUXFLDO SUREOHPLQJUDVSLQJLV  WKHFKRLFHRI JUDVS  IRUFHV VR DV  WR DYRLG RU PLQLPL]H WKH ULVNRI
VOLSSDJH >@ 7KH UHTXLUHG JUDVS IRUFH FDQ EH DUULYHG DW IURP WKH IRUFH DFWLQJ RQ WKH JUDVSHG REMHFW DQG WKH
FRHIILFLHQW RI IULFWLRQEHWZHHQ WKHREMHFW DQG MDZV ,QRIIVHW SULQWLQJ WKH VXEVWUDWH XVXDOO\SDSHU LV WKH JUDVSHG
REMHFWDQGLWSDVVHVEHWZHHQWKHEODQNHWDQGLPSUHVVLRQF\OLQGHUVRIWKHSUHVVGXULQJSULQWLQJ6HYHUDOVWXGLHVDUH
DYDLODEOHRQWKHSUHVVXUHGLVWULEXWLRQEHWZHHQWKHEODQNHWDQGLPSUHVVLRQF\OLQGHUVRIDQRIIVHWSULQWLQJSUHVV7KH
SULQWLQJSUHVVXUHYDULHVFLUFXPIHUHQWLDOO\DQGD[LDOO\>DQG@7KHWHQVLOHIRUFHDFWLQJRQWKHSDSHUGXULQJ
RIIVHW SULQWLQJ YDULHV IURP VWDUW WR ILQLVK GXULQJ SULQWLQJ RI HDFK VKHHW GHSHQGLQJ RQ WKH DQJXODU SRVLWLRQ RI
LPSUHVVLRQF\OLQGHUDWWKHPRPHQW7KHJULSSLQJIRUFHRIWKHJULSSHUVDQGWKHIULFWLRQEHWZHHQSDSHUDQGJULSSLQJ
VXUIDFHVHQVXUHWKHSRVLWLRQDODFFXUDF\RIWKHSULQWHGLPDJHRQWKHSDSHU7KHFRHIILFLHQWRIIULFWLRQGHSHQGVRQWKH
W\SHRISDSHUKXPLGLW\RIDWPRVSKHUHHWF>@7KHWHQVLOH IRUFHDFWLQJRQWKHSDSHUGXULQJRIIVHWSULQWLQJLV
H[SHULPHQWDOO\IRXQG WRYDU\ IURP WRDERXW1LQ>@7KHPD[LPXPJULSSLQJ IRUFHDFWLQJRQ WKHSDSHUYDULHV
EHWZHHQGLIIHUHQW GHVLJQV DQGPRGHOV RI RIIVHW SUHVVHVGHSHQGLQJRQ WKH VL]HRI WKH PDFKLQH DQG WKH QXPEHURI
JULSSHUV7KHVHYDOXHVZHUHREVHUYHGLQGLIIHUHQWPRGHOVRIVKHHWIHGRIIVHWSUHVVHVDQGIRXQGWRYDU\IURP1WR
1+HQFHWKHVWXG\LVPDGHIRUIRUFHVLQWKHUDQJHRI1WR1
 6WUHVVHVRQJULSSLQJVXUIDFH
$OO SRLQWV RI WKH VHUUDWHG VXUIDFH H[SHULHQFH VWUHVV %XW WKH VWUHVVHV ZLOO EH PRUH RQ WKH SRLQWV ZLWKLQ WKH
SURMHFWLRQVDVVXPHGDVKHPLVSKHUHV7KHPD[LPXPVWUHVVZLOOEHRQSRLQWVRIWKHD[HVRISURMHFWLRQVKRZQLQ)LJ
,QRWKHUZRUGVLQDQ\SODQH SHUSHQGLFXODUWRWKH=D[LVDQGSDVVLQJWKURXJKWKHKHPLVSKHUHWKHPD[LPXPVWUHVV
ZLOOEHDWWKHFHQWUHRIWKHFLUFOHRILQWHUVHFWLRQ
 6XPPDU\RIWKHPHWKRGRORJ\
7KH PHWKRGRORJ\ DGRSWHG FDQ EH VXPPDUL]HG DV IROORZV 7KH FRQWDFW IRUFH SHU SURMHFWLRQ LV HVWLPDWHG IRU
GLIIHUHQWFRPELQDWLRQVRISLWFK3JURRYHZLGWKV*DQGJULSSLQJIRUFHV(TXDOVKDULQJRIORDGE\DOOSURMHFWLRQV
RIWKHJULSSHULVDVVXPHG7KHUDQJHRIYDOXHVRISLWFK 3 LVYDULHGMXGLFLRXVO\IURPPPWRPPWKHUDQJHRI
JULSSLQJ IRUFHV IURP 1 WR 1 DQG WKH UDQJH RI WKH JURRYH ZLGWK * IURP PP WR  PP )RU GLIIHUHQW
FRPELQDWLRQVRI WKHVHSDUDPHWHUV WKHQRUPDO VWUHVVHV VKHDU VWUHVVHVDQG9RQ0LVHV VWUHVVHVRQ WKHSRLQWVRI WKH
D[LVRIWKHSURMHFWLRQDUHFDOFXODWHG3ORWVDUH PDGHIRUVWUHVVHVDWYDULRXVGLVWDQFHV + DORQJWKHD[LVRISURMHFWLRQ
LQWKH=GLUHFWLRQVWDUWLQJIURPFRQWDFWSRLQWRIWKHSURMHFWLRQ$VDPSOHSORWRIWKHVWUHVVGLVWULEXWLRQIRUSLWFK 3
RIPPJURRYHZLGWK * RIPPUHVXOWLQJLQKHPLVSKHUHGLDPHWHU ' RIPPDQGIRUJULSSLQJIRUFHRI1
LVVKRZQLQ)LJ7KHJUDSKLVSORWWHGZLWKGLVWDQFH RIWKHSRLQWIURPFRQWDFWVXUIDFH + DORQJWKHDEVFLVVDDQGWKH
FRUUHVSRQGLQJ VWUHVVHV DORQJ WKH RUGLQDWH 7KH PD[LPXP9RQ0LVHV VWUHVV 03D DQG WKH GLVWDQFH RI WKH
FRUUHVSRQGLQJSRLQWIURPWKHWLSRISURMHFWLRQ + PPLVWDNHQIURPWKHJUDSK)LJ
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)LJ6WUHVVHVDORQJWKHD[LVRIDSURMHFWLRQRIPPGLDPHWHUDW1ORDG
$QXPEHURIVLPLODUVWUHVVGLVWULEXWLRQSORWVDUHPDGHIRU GLIIHUHQWFRPELQDWLRQVRISLWFKHVJURRYHZLGWKVDQG
JULSSLQJ IRUFHV $ IORZFKDUWRI WKHSURFHGXUH LV JLYHQ LQ)LJ 7KHPD[LPXP9RQ0LVHV VWUHVVHV WDNHQ IURP
HDFK RI WKHVH VWUHVV GLVWULEXWLRQ FXUYHV DUH SORWWHG )LJ )LJ  7KH GLVSODFHPHQWV RI WKH SRLQW RI FRQWDFW
FRUUHVSRQGLQJWRDERYHFRPELQDWLRQVDUHDOVRFDOFXODWHGDQGJUDSKVDUHSORWWHG)LJ	)LJ7KHVHSORWVDUH
XVHGWRGHYHORSPHDQLQJIXOUHODWLRQVWRKHOSRSWLPL]DWLRQRIVHUUDWLRQ
)ORZFKDUW
$ IORZFKDUW IRU WKH ZKROH SURFHGXUH LV PDGH IRU FODULW\ DQG JLYHQ LQ )LJ  7KH FRUUHVSRQGLQJ HTXDWLRQ
QXPEHUVDUHJLYHQLQEUDFNHWV
$VVXPSWLRQVDQG&DOFXODWLRQV
7KH JULSSLQJ VXUIDFH RI WKH VHUUDWHG MDZ LV FRQVLGHUHG DV D WZR GLPHQVLRQDO DUUD\ RI KHPLVSKHULFDO
SURMHFWLRQVRQDSODQHUHIHUUHGDVµEDVHSODQH¶LQ)LJ
7KH JULSSLQJ VXUIDFH RI WKH IODW MDZ MDZZLWKRXW VHUUDWLRQ LV FRQVLGHUHG DV DQ HODVWLF KDOI VSDFH(DFK
SURMHFWLRQRQWKHVHUUDWHGMDZLVFRQVLGHUHGDVDQHODVWLFKHUW]LDQKHPL VSKHUHFRQWDFWLQJDQHODVWLFKDOIVSDFH,WLV
DVVXPHGWKDWDOO WKHFRQWDFWVVKDUH WKH ORDGHTXDOO\'XULQJ WKHRSHUDWLRQRIDSULQWLQJPDFKLQH WKHJULSSHU MDZV
RSHQ DQG FORVHZLWK DQGZLWKRXW SDSHUEHWZHHQ WKHP9HU\ WKLQSDSHUZLOO KDYH QHJOLJLEOH HIIHFW RQ WKH FRQWDFW
VWUHVVRQMDZVXUIDFHV$VWKHWKLFNQHVVRISDSHULQFUHDVHVWKHWHQGHQF\ZLOOEHWRZDUGVDUHGXFWLRQLQWKHFRQWDFW
VWUHVVHV RQ WKH SURMHFWLRQV +HQFH WR DUULYH DW D FRQVHUYDWLYH HVWLPDWH RI FRQWDFW VWUHVVHV WKH HIIHFW RI SDSHU
EHWZHHQ WKHMDZVLVQHJOHFWHG
$ VHUUDWHGJULSSHU PRYDEOH MDZDQGD IODW JULSSHUSDG IL[HG MDZDUHFRQVLGHUHG IRU WKHDQDO\VLV7KH
DQDO\VLV LV YDOLG IRU D VHUUDWHGJULSSHUSDG DQG IODW JULSSHU DVZHOO7KHZLGWK DQGEUHDGWKRI D JULSSHUSDG LQ D
W\SLFDOVKHHWIHGRIIVHWSULQWLQJPDFKLQHDUHWRPPDQGWRPPUHVSHFWLYHO\)RUWKHSXUSRVHRIDQDO\VLV
WKH GLPHQVLRQV RI WKH FRQWDFWLQJ VXUIDFH RI JULSSHU SDG DUH WDNHQ DV  PP DQG  PP ,W LV DVVXPHG WKDW WKH
WKLFNQHVVRIJULSSHUSDGLVIDLUO\ODUJHFRPSDUHGWRWKHVL]HRIWKHKHPLVSKHUHVRIWKHVHUUDWLRQ'XHWRKLJKVWUHVVHV
       
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)LJ)ORZFKDUW
&DOFXODWHWKHQXPEHURI
$VVXPHJURRYHZLGWKRIPP
$VVXPHVSKHUH'LDPHWHURIPP
$VVXPHD7RWDO/RDGRI1
&DOFXODWHWKH /RDGSHU&RQWDFW
&DOFXODWHWKHUDGLXVµD¶RIWKHDUHDRIFRQWDFW
RIHDFKVSKHUH 
&DOFXODWHWKH0D[SUHVVXUH SPD[ DWWKHFHQWUHRI
WKHFRQWDFWDUHD
+  
&DOFXODWH9RQ0LVHV6WUHVVDWWKH GLVWDQFH + 
+  +D
+!D"
)LQGWKHPD[LPXP YDOXHRI9RQ0LVHV6WUHVV
IURPWKHDERYHJUDSK
&DOFXODWHWKH3ULQFLSDODQG6KHDU6WUHVVHVDW
GLVWDQFH + IURPSRLQWRIFRQWDFW 	
1R
<HV
5HSHDW WKHDERYHSURFHGXUHWRREWDLQ PD[LPXP
9RQ0LVHVVWUHVV	GLVSODFHPHQWIRU YDULRXV
FRPELQDWLRQV RIVSKHUHGLDPHWHUVORDGVJURRYH
ZLGWKVHWFDQGSORWJUDSKV)LJ	
3ORWJUDSK + YV 9RQ0LVHV6WUHVV
&DOFXODWHWKHGLVSODFHPHQW ĮDW FRQWDFW 
%(*,1
(1'
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LQYROYHGSURSHUO\KHDWWUHDWHGEHDULQJVWHHOVOLNH$,6,0RU01L/DUHVXLWDEOHIRUWKHMDZV&KURPH
DOOR\VWHHO$,6,ZLWK+5&DQG\LHOGVWUHQJWKRI03DLVWDNHQIRUWKHVWXG\<RXQJ¶V0RGXOXV(
RI[03DDQG3RLVVRQ¶VUDWLRȞRIDUHDGRSWHGIRUERWKWKHMDZV
)RUILQGLQJWKHVWUHVVHVDQGGLVSODFHPHQWVD+HUW]LDQFRQWDFWPRGHOLVDVVXPHG7KHVROXWLRQVIRU+HUW]
FRQWDFWUHPDLQYDOLGXQWLOWKHDSSOLHGORDGLVVXIILFLHQWO\ODUJHVRDVWRLQLWLDWHSODVWLFGHIRUPDWLRQ>@
)RU WKH+HUW]LDQ FRQWDFW VWUHVV WKHRU\ WKH IXQGDPHQWDO DVVXPSWLRQV DUH D$W WKHSRLQW RI FRQWDFW WKH
VKDSHRIHDFKRIWKHFRQWDFWLQJVXUIDFHVFDQEHGHVFULEHGE\DKRPRJHQHRXVTXDGUDWLFSRO\QRPLDOLQWZRYDULDEOHV
E %RWK VXUIDFHV DUH LGHDOO\ VPRRWK F &RQWDFW VWUHVVHV DQG GHIRUPDWLRQV VDWLVI\ WKH GLIIHUHQWLDO HTXDWLRQV IRU
VWUHVVDQGVWUDLQRIKRPRJHQHRXV LVRWURSLFDQGHODVWLFERGLHV LQHTXLOLEULXPG7KHVWUHVVGLVDSSHDUVDWDJUHDW
GLVWDQFHIURPWKHFRQWDFW]RQHH7DQJHQWLDOVWUHVVFRPSRQHQWVDUH]HURDWERWKVXUIDFHVZLWKLQ DQGRXWVLGHWKH
FRQWDFW ]RQH I 1RUPDO VWUHVV FRPSRQHQWV DUH ]HUR DW ERWK VXUIDFHV RXWVLGH WKH FRQWDFW ]RQH J 7KH VWUHVV
LQWHJUDWHGRYHUWKHFRQWDFW]RQHHTXDOVWKHIRUFHSXVKLQJWKHWZRERGLHVWRJHWKHUK7KHGLVWDQFHEHWZHHQWKHWZR
ERGLHV LV]HURZLWKLQEXW ILQLWHRXWVLGH WKHFRQWDFW]RQH L ,Q WKHDEVHQFHRIDQH[WHUQDO IRUFH WKHFRQWDFW]RQH
GHJHQHUDWHVWRDSRLQW>@
7KHIRUPXODHXVHGDUHDVIROORZV>@
5DGLXVRIFLUFXODUDUHDRIFRQWDFWEHWZHHQWZRVSKHUHV
D ^)>Ȟ( Ȟ (@>GG@`  
ZKHUH)LVWKHDSSOLHGORDG(DQG(DUHWKHHODVWLFFRQVWDQWVDQGȞ DQGȞ DUHWKH3RLVVRQ¶VUDWLRVRIWKHPDWHULDOV
RIWKHVSKHUHVG DQGG DUHWKHGLDPHWHUVRIWKHVSKHUHV,QWKHSUHVHQWDQDO\VLVRQHVXUIDFHLVDSODQHDQGKHQFHG
LVLQILQLW\7KHPD[LPXPSUHVVXUHRFFXUVDWWKHFHQWUHRIWKHFRQWDFWDUHDDQGLV
SPD[  )ʌD 
7KHPD[LPXPVWUHVVHVRFFXURQWKH=D[LV7KHSULQFLSDOVWUHVVHVDUHJLYHQE\
ı[  SPD[ ^>]DWDQǦ ]D@Ȟ ± >]D@` 
ı\  SPD[ ^>]DWDQǦ ]D@Ȟ ± >]D@` 
ı]   SPD[ ]D 
$QGWKHFRUUHVSRQGLQJVKHDU VWUHVVHVDUH
Ĳ[\   
Ĳ[]  Ĳ\]  ı[ ı] ı\ ı] 
+HQFH
9RQ0LVHVVWUHVV ^>ı[ ı\ ı\ ı] ı] ı[ Ĳ[\ Ĳ \] Ĳ ][ @` 
$VVXPLQJVDPHHODVWLFFRQVWDQWVIRUWKHVSKHULFDODQGSODQHVXUIDFHVWKHGLVSODFHPHQW
Į >) ( 5@  
ZKHUH5LVWKHUDGLXVRIWKHVSKHUH
$OVRIURPJHRPHWU\RI)LJ
3 *' 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'HVFULSWLRQRISURFHGXUH
&RQVLGHUIRUH[DPSOHDJULSSHUVHUUDWLRQRISLWFKPPJURRYHZLGWKPPDQGKHPLVSKHUHGLDPHWHUPPIRUD
JULSSLQJIRUFHRI1%\JHRPHWU\WKHQXPEHURIFRQWDFWSRLQWVRUSURMHFWLRQVLV$VVXPLQJHTXDOVKDULQJRI
ORDGE\DOOSURMHFWLRQVWKH ORDGSHUFRQWDFWSRLQWLV17KHDUHDRIFRQWDFW D DQGWKHPD[LPXPSUHVVXUHDW
FRQWDFWDUHD SPD[ LVFDOFXODWHG7KHQRUPDOVKHDUDQG9RQ0LVHVVWUHVVHVDUHFDOFXODWHGDWYDULRXVSRLQWVDORQJWKH
=D[LVSDVVLQJWKURXJKWKHFHQWUHD[LVRISURMHFWLRQIURPWKHWLSRISURMHFWLRQWRZDUGVWKHSRVLWLYH=GLUHFWLRQDW
LQWHUYDOVQXPHULFDOO\HTXDO WRRQHE\ WKRXVDQGWKRI WKHFRQWDFWDUHD7KH LQWHUYDO LVFKRVHQDUELWUDULO\ WRREWDLQD
JRRG FXUYH LUUHVSHFWLYH RI ORDG RU KHPLVSKHUH GLDPHWHU RI WKH VHUUDWLRQ 7KHVH VWUHVVHV DUH WKHQ FRQYHUWHG WR
DSSURSULDWHXQLWVDQGSORWWHGLQ)LJ)URPWKHJUDSKWKHPD[LPXP 9RQ0LVHVVWUHVVLV03DRFFXUULQJDWD
GHSWKRIPPIURPFRQWDFWVXUIDFH
7KLVSURFHGXUHLVUHSHDWHGIRUYDULRXVFRPELQDWLRQVRIIRUFHVRI11DQG1DQGKHPLVSKHUHGLDPHWHUVRI
          DQG  PP NHHSLQJ WKH JURRYHZLGWK FRQVWDQW DW PP 7KHVH
YDOXHV DUH VHOHFWHG IRU WKH GLDPHWHUV WR DYRLG GLVWRUWLRQ RI UHVXOWV GXH WR IUDFWLRQDO KHPLVSKHUHV 7KHPD[LPXP
GLDPHWHURIPPFRUUHVSRQGVWRWKUHHFRQWDFWSRLQWVRQWKHPP[PPSDG7KHQH[WELJJHVWGLDPHWHURI
PPFRUUHVSRQGV WR[ FRQWDFWSRLQWV7KHPLQLPXPGLDPHWHURIPPFRUUHVSRQGV WR[ 
FRQWDFWSRLQWV7KHYDOXHRIPD[LPXP9RQ0LVHVVWUHVVIURPHDFKJUDSKLVWDNHQ7KHVHYDOXHVRIPD[LPXP9RQ
0LVHVVWUHVVHVIURPDOOVXFKJUDSKVDUHSORWWHGDJDLQVWWKHFRUUHVSRQGLQJKHPLVSKHUHGLDPHWHUVIRUGLIIHUHQWORDGV
LQ)LJ7KHGLVSODFHPHQWRIWKHSRLQWRIFRQWDFWĮLVFDOFXODWHGXVLQJHTXDWLRQ7KHYDULDWLRQRIGLVSODFHPHQWĮ
ZLWKWKHKHPLVSKHUHGLDPHWHU ' LVSORWWHGLQ)LJ
7KLVLVUHSHDWHGIRUGLIIHUHQWJURRYHZLGWKVZLWKWKHVDPHIRUFHV11DQG1NHHSLQJWKHKHPLVSKHUH
GLDPHWHU FRQVWDQW DW  PP 7KH PD[LPXP YDOXHV RI 9RQ 0LVHV VWUHVVHV IRU GLIIHUHQW JURRYH ZLGWKV LV
FRQVROLGDWHGDQGSORWWHGLQ )LJ7KHFRUUHVSRQGLQJGLVSODFHPHQWVRIWKHSRLQWRIFRQWDFWDUHDOVRFDOFXODWHGDQG
SORWWHGLQ)LJ
 5HVXOWVDQG'LVFXVVLRQV
)LJXUHVKRZVWKHYDULDWLRQRIPD[LPXP9RQ0LVHVVWUHVVZLWKWKHKHPLVSKHUHGLDPHWHU'IRUDFRQVWDQWYDOXH
RI * PP )URP WKH )LJ  LW LV HYLGHQW WKDW ZLWKLQ WKH JLYHQ ORDG UDQJH WKH PD[LPXP 9RQ0LVHV VWUHVV
GHFUHDVHVDVWKH'LQFUHDVHVWLOODFHUWDLQYDOXHDQGWKHQLWUHPDLQVPRUHRUOHVVFRQVWDQW6LQFH*LVNHSWFRQVWDQWD
FXUYHZLWKSLWFKDORQJWKHDEVFLVVD DOVRZLOOEHRIVLPLODUQDWXUH7KLVYDOXHRI'LVUHIHUUHGDVFULWLFDOKHPLVSKHUH
GLDPHWHUDQGWKHFRUUHVSRQGLQJYDOXHRI3LVUHIHUUHGDVFULWLFDOSLWFK
)LJ0D[LPXP9RQ0LVHV6WUHVV9V)LJ'LVSODFHPHQW9V+HPLVSKHUHGLDPHWHU'IRUFRQVWDQW*
KHPLVSKHUHGLDPHWHU'IRUFRQVWDQW*
7KHJULSSHULVVXEMHFWHGWRUHSHDWHGORDGLQJDQGKHQFHDORZHUYDOXHRIPD[LPXP0LVHVVWUHVVZLOOUHVXOW
LQPRUHIDWLJXHOLIHIRUWKHJULSSHU+HQFHLWFDQEHLQIHUUHGIURP)LJWKDWDYDOXHRI'LVHTXDOWRRUPRUHWKDQ
WKHFULWLFDOYDOXHLVSUHIHUUHGIRUWKHGXUDELOLW\RIWKHVHUUDWLRQV,QWKHJLYHQORDGUDQJHWKHFULWLFDOKHPLVSKHUH
GLDPHWHULVDERXWPPDQGWKHFRUUHVSRQGLQJFULWLFDOSLWFKLVPP
7KHYDOXHVRIKHPLVSKHUHGLDPHWHU'DQGWKHFRUUHVSRQGLQJGLVSODFHPHQWDUHSORWWHGLQ)LJ7KHSORWLV
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PDGHIRUDFRQVWDQWYDOXHRI*RIPP,WVKRZVWKDWWKHGLVSODFHPHQWLQFUHDVHVZLWK'ZLWKLQWKHJLYHQUDQJHRI
ORDGV
&OHDUO\ OHVV GHIRUPDWLRQ JLYHV ORQJHU OLIH DQG KHQFH IURP)LJ  D ORZHU KHPLVSKHUH GLDPHWHU LV WR EH
SUHIHUUHG $OVR OHVV GLVSODFHPHQWGHIRUPDWLRQ JLYHV EHWWHU DFFXUDF\ RI SRVLWLRQLQJ RI WKH SDSHU GXULQJ
SULQWLQJSDSHU WUDQVIHU UHJLVWHU DFFXUDF\ ,Q VKRUW IURP )LJ LW FDQ EH LQIHUUHG WKDW WKH ORZHU WKH KHPLVSKHUH
GLDPHWHUWKHEHWWHUWKHOLIHDQGEHWWHUWKHUHJLVWHU DFFXUDF\
&RQVLGHULQJ)LJWRJHWKHUZLWK)LJLWFDQEHLQIHUUHGWKDWDKHPLVSKHUHGLDPHWHURILVLGHDOIRUWKH
GXUDELOLW\DQGSHUIRUPDQFHRIDSULQWLQJJULSSHU,WPD\EHQRWHGWKDWWKHDERYHYDOXHRILVDOPRVWLQGHSHQGHQW
RIORDGZLWKLQWKH UHOHYDQWUDQJHRIORDGV
7RDVVHVVWKHHIIHFWRIJURRYHZLGWKDSORWZLWKJURRYHZLGWK*RQWKHDEVFLVVDDQG0D[LPXP9RQ0LVHV
VWUHVVRQWKHRUGLQDWHLVSORWWHGIRUDFRQVWDQWKHPLVSKHUHGLDPHWHURIPPLQ)LJ
)LJ0D[LPXP0LVHVVWUHVV9VJURRYHZLGWK*IRUFRQVWDQW' )LJ'LVSODFHPHQW9VJURRYHZLGWK*IRUFRQVWDQW'
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$QRWKHUSORWVKRZLQJWKHUHODWLRQEHWZHHQJURRYHZLGWKDQGGLVSODFHPHQWLVJLYHQLQ)LJ )LJVKRZVWKDW
VPDOOHU*ZLOOUHVXOWLQVPDOOHUGLVSODFHPHQWVDQGEHWWHUOLIHDQGUHJLVWHUDFFXUDF\
$VGLVFXVVHGHDUOLHUWKHGLVSODFHPHQWDVVXPHVVLJQLILFDQFHLQWKHFRQWH[WRIJULSSLQJRSHUDWLRQVZKLFKUHTXLUHV
SRVLWLRQDODFFXUDF\,QFDVHRIDSULQWLQJJULSSHULQDQRIIVHWSUHVVSDUWLFXODUO\IRUFRORUSULQWVWKHUHJLVWHUDFFXUDF\
LVRQHRIWKHPDMRUSDUDPHWHUVDIIHFWLQJSULQWTXDOLW\+HQFH WKHGLVSODFHPHQWKDVWREHNHSWDVORZDVSRVVLEOHLQ
VXFKDSSOLFDWLRQV
&RQFOXVLRQV
$PHWKRGWRDUULYHDWWKHRSWLPXPGHVLJQSDUDPHWHUVRIVHUUDWLRQVRIDJULSSHUMDZZDVGLVFXVVHGDQGWKH
PHWKRGZDVGHPRQVWUDWHGLQWKHFRQWH[WRIDSULQWLQJJULSSHU
$QRSWLPXPGHVLJQVKRXOGHQVXUHORQJOLIHIRUVHUUDWHGJULSSHUVXUIDFHDQGJRRGUHJLVWHU DFFXUDF\)RUWKH
GHVLJQRIJURRYHV WKHUHOHYDQWJHRPHWULFDOSDUDPHWHUVDUHSLWFK3KHPLVSKHUHGLDPHWHU'DQGJURRYHZLGWK*
)URPHTXDWLRQLWFDQEHVHHQWKDWWKHHIIHFWRIRQO\WZRRIWKHWKUHHYDULDEOHV3'DQG*QHHGWREHH[SORUHG,Q
WKHSUHVHQWVWXG\WKHHIIHFWRI'DQG*RQWKHGXUDELOLW\RIWKHJULSSHUVXUIDFHDQGRQWKHUHJLVWHUDFFXUDF\RIWKH
JULSSHULVH[SORUHGDQGWKHIROORZLQJFRQFOXVLRQVZHUHGUDZQ
x )RUDFRQVWDQWJURRYHZLGWKWKHPD[LPXP9RQ0LVHVVWUHVVGHFUHDVHVDVWKHSLWFKRUKHPLVSKHUHGLDPHWHU
LQFUHDVHVWLOODFULWLFDOYDOXH7KHUHDIWHULWUHPDLQVPRUHRUOHVVFRQVWDQW
x ,W LV LGHDO WR NHHS WKH KHPLVSKHUH GLDPHWHU DW WKH FULWLFDO YDOXH )LJ  	 )LJ  LI WKH GHIOHFWLRQ
FRUUHVSRQGLQJWRWKDWSLWFKLVDFFHSWDEOHIRUWKHDSSOLFDWLRQ
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x ,WKDVEHHQIRXQGWKDWDKHPLVSKHUHGLDPHWHURIPPLVLGHDOIRUWKHGXUDELOLW\RISDGIRUWKHDSSOLFDWLRQ
FRQVLGHUHGLQWKHSUHVHQWVWXG\7KHDERYHYDOXHLVDOPRVW LQGHSHQGHQWRIORDGZLWKLQWKHUDQJHRIORDGV
DSSOLFDEOHLQWKHFRQWH[WRIDW\SLFDOSULQWLQJJULSSHU
x )RU ILQGLQJ WKH FULWLFDO YDOXHV RI ' IRU D GLIIHUHQW DSSOLFDWLRQ RU ORDG UDQJH WKH VDPH PHWKRG FDQ EH
DSSOLHG
x 7KHORZHUWKHKHPLVSKHUHGLDPHWHU WKHORZHUWKHGLVSODFHPHQWDQGKHQFHEHWWHUWKHUHJLVWHUDFFXUDF\
x 7KH PD[LPXP 9RQ0LVHV VWUHVV DQG GLVSODFHPHQW LQFUHDVHV ZLWK WKH JURRYH ZLGWK +HQFH WKH JURRYH
ZLGWKLVWREHNHSWDVORZDVSRVVLEOHZLWKLQWKHFRQVWUDLQWVRIHFRQRPLFDOPDFKLQLQJSURFHVVHVDYDLODEOH
$ JULSSHU LQ D VKHHW IHG RIIVHW SULQWLQJ PDFKLQH LV VHOHFWHG IRU WKH DQDO\VLV DV DQ H[DPSOH 7KH VDPH
PHWKRGRORJ\FDQEHDGRSWHGIRUDQDO\VLVRQDQ\WZRMDZJULSSHUZLWKVHUUDWHGDQGIODWSDLURIJULSSLQJVXUIDFHV
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 *ULSSHU'HVLJQ*XLGHOLQHVIRU0RGXODU0DQXIDFWXULQJ 7KH3URFHHGLQJVRIWKH,(((,QWHUQDWLRQDO
&RQIHUHQFHRQ5RERWLFVDQG$XWRPDWLRQ&$,657HFK5HSRUW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 
7DR=KDQJ/DZUHQFH&KHXQJ.HQ*ROGEHUJ6KDSH7ROHUDQFHIRU 5RERW*ULSSHU-DZV 3URFHHGLQJVRI,(((56-,QWHUQDWLRQDO&RQIHUHQFH
RQ,QWHOOLJHQW5RERWVDQG6\VWHPV 
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